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GaN LED 器件外延膜的激光剥离的研究 
摘要 
 
GaN 及其化合物是直接带隙半导体材料，它的禁带宽度从 1.9eV～6.2eV 连续可
调，发光范围覆盖了从红色到紫外的光谱，GaN 材料是一种理想的短波长发光材料。
它主要用于制作蓝、紫、紫外发光二极管（LED），激光器（LD）、紫外（UV）光电探
测器等光电子器件。GaN 和 Si 之间的晶片键合和激光剥离工艺可以很方便的实现
不同材料的集成，为 GaN 基材料的外延生长、器件的工艺制作提供一个新的研究
方向。 




(1)实现 2英寸 GaN LED 外延膜的大面积完整剥离，剥离后的表面非常完整，没
有裂纹。剥离后的样品保留了 InGaN/GaN 有源层结构。剥离后表面粗糙度增大，
一方面是由于在剥离过程中 GaN 薄膜的热分解引起的；另一方面是由于剥离开的
表面原来与蓝宝石相连，蓝宝石和 GaN 的晶格失配较大。 
(2)在剥离掉的蓝宝石(α-Al2O3)衬底上成功的外延生长 InGaN/ GaN MQW’s 
LED 器件结构，实现了蓝宝石衬底的重复利用，并与同一生长条件下有蓝宝石衬底
上的 GaN LED 对比。对比结果表明，剥离掉的蓝宝石衬底上重新生长的 GaN LED
外延膜比较后者，PL 峰值波长发生蓝移，这是由于外延生长前对剥离掉的蓝宝石进
行正面抛光处理，衬底正面抛光使 GaN LED 外延膜应力发生释放。 
(3)理论上分析压了强和 GaN 分解温度的关系，提出一种可以通过降低气压实现



















GaN is a very favorable materials system for short-wavelength optical device. 
The band gap of GaN-based material can be tuned between 1.9 eV and 6.2 eV, 
ranging from red to ultraviolet (UV). The GaN-based systems have promising 
applications in the optoelectronic industry , in particular blue/UV light LEDs、laser 
diodes(LD)、UV detectors. A combination of wafer bonding and thin-film lift-off 
offers the greatest flexibility of joining dissimilar materials and provides a new 
research for growth and device fabrication. 
   In this article successful separation of GaN from GaN /sapphire structures was 
accomplished by laser lift-off, and the reutilization of sapphire substrate was 
realized. We also optimize the parameters of lift-off process, and lower the 
threshold energy density to quick laser lift off process. There are not such reports 
at home and abroad yet. Main works include: 
(1)A thin GaN LED films, grown on 2 inch diameter sapphire substrates, was 
separated by laser lift-off. The transferred GaN thin film is smooth and intact .It 
remains the InGaN/GaN MQW’s structural and it is rougher compared the one 
before the lift-off process. It is due to thermodynamic decomposition of GaN film in 
the lift-off process and high lattice mismatch between the GaN and sapphire 
(2)InGaN/ GaN multi-quantum-wells (MQW’s) structure was grown on the 
separated sapphire substrate later and compared with that of grown on the 
conventional substrate in the same condition. PL spectrum and Raman spectrum 
indict that PL peak blueshift due to the relaxation of GaN LED films after sapphire 
polishing process. By the comparison of XRD spectrum, the mechanical polishing 
process takes bad effect to the GaN films quality. In order to improve the quality of 
crystal quality, further study about polishing technique of sapphire substrate must 
be carried out. 
(3)By analyzing the relationship between the pressure and decompose 
temperature of GaN, a novel method was presented to lower energy density and 
aim fast processing.  














can lower threshold density and magnify the facula. 
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第一章   绪论 













和 Si 之间的晶片键合和激光剥离工艺可以为 GaN 基材料的外延生长、器件的工
艺制作提供一个全新的研究方向。 
1.2  GaN 材料的晶体结构与性质 
在通常情况下，GaN 及其有关化合物一般以三种晶体结构形式存在：具有
六方对称性的纤锌矿结构（Wurtzite），和立方对称的闪锌矿结构（Zicblende），







（a）                  （b）                  （c） 
图 1-1  GaN 的三种基本结构 




























表 1-1 列出了六方纤锌矿结构 GaN 晶体的基本性能。 
 
表 1-1 六方 GaN 基材料参数
[3]
 
 六方纤锌矿 GaN 




dEg/dT=6.0×10-4eV/K  (T>180K) 
Eg=3.503+(5.08×10-4T2)/(T－996)(eV） 
Eg=3.46－(5.08×10-4)T（eV）(300－900K)  
带隙压力系数 dEg/dP=4.2×10-3eV/kba (300K)  
















Δc/c=3.17×10-6/K  (300-700K); 
7.75×10-6/K  (700-900K) 
热导率 Κ=1.3W/cm·K  (25-360K)  
泊松比 0.372 
杨式模量 150Gpa(<0001>方向)  
折射率 n（1eV）＝2.33；n（3.38）＝2.67 
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